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Abstract 
The intrinsic pinning properties of NaFe2Se2, which is the superconductor with Tc of about 50 K, were studied by the analysis of 
magnetization curves by the extended critical state model. The NaFe2Se2 sample was prepared by solid-state reaction. The 
magnetization results by SQUID magnetometer showed the Tc of about 50 K. The temperature dependence of critical current 
density Jc was estimated. 
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1. Introduction 
Recently, superconductivity of NaFe2Se2 was discovered by Ying et al. [1].  The NaFe2Se2 is a compound with 
FeSe-layers, and alkali metal of Na is intercalated between them. The maximum superconducting temperature Tc has 
been known as about 46 K [1]. The NaFe2Se2 has the ThCr2Si2 structure with the space group of I4/mmm in which 
the interlayer distance is enlarged by Na+ ions and two-dimensionality is enhanced in comparison with the case of 
FeSe. [1]. It is considered that the FeSe-layers serve the electron carrier from Na+ ions.  
We studied the critical current density Jc of NaFe2Se2. There is a report that the Jc -value of K0.8Fe2Se2, which has 
the similar 122 structure as NaFe2Se2, was estimated as 1.0×105 A/cm2 from the magnetization curve at 5 K and 0 T 
by Ozaki et al. [2] However, it was lower than that of the other FeAs superconductors, in which the Jc generally 
attained 106 A/cm2 at 5 K. [3]  
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In this paper, the high onset Tc of about 50 K is reported on the basis of magnetization data. The Jc of NaFe2Se2 is 
also given by the extended critical state model. We obtained the Jc -value of 7.8×106 A/cm2 from the magnetization 
curve at 5 K and 0 T. This value is much higher than K0.8Fe2Se2 and indicates that the NaFe2Se2 has a higher 
potential than the other FeAs superconductors.   
2.Experimental results and discussion 
The sample preparation of NaFe2Se2 was performed by melting Na2Se, Fe and Se. First, the starting materials of 
Na2Se, Fe and Se were mixed in appropriate stoichiometry. Then the mixture was placed in an alumina crucible, and 
sealed in an arc-welded pure iron tube. It was put into tube furnace and kept at 1223 K for 12 hours. Then it was 
cooled to 973 K.    
The powder X-ray diffraction (XRD) pattern by the CuKα radiation is shown in Fig.1. The Miller indices 
correspond to the lattice parameters of a = 0.36958 nm and c = 1.69384 nm. The SEM image of sample cross 
section is shown in Fig.2. The thin accumulated layers with the thicknesses of about 2~4 μm were observed. 
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Fig. 2. SEM image of NaFe2Se2. 
Fig. 1. Powder XRD results of NaFe2Se2  
 
The magnetization data were measured by MPMS SQUID magnetometer. Temperature dependences of field-
cooled (FC) and 0 field-cooled (ZFC) magnetization under 100 Oe are shown in Fig.3, where ΔM(T)=M(T)−M(50K). 
The M (50K) was 0.791 emu/g for both of FC and ZFC magnetization which may be due to the ferromagnetic Fe  
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Fig. 3. FC and ZFC magnetization under 100 Oe. 
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impurity so on. The visible discrepancy of ΔMFC and ΔMZFC occurred at about 50 K which we call as the irreversible 
temperature Tirr. The [ΔMFC−ΔMZFC] value of 0.189 emu/g at 5 K may mean that the superconducting volume 
fraction of this sample is about 50 %. To confirm the above possibility of higher Tc, the resistivity measurement is 
needed.  But there is no resistivity data because of the very fragile property of the present sample. We also observed 
the other phase transition like behavior at 15 K in ZFC magnetization. It may be due to the secondary FeSe phase by 
insufficient intercalation of Na. 
The expressions for magnetization M by extended critical state model were used to estimate the critical current 
density Jc of each temperature, since the Bean model, in which the Jc was not depend on the magnetic field, was 
considered to be insufficient to estimate the field dependent Jc [4] exactly. The Jc was defined as Jc(H)= 
Beq*(Beq*+2B0) / [2μ0a{|Beq(H)|+B0}] [4-7]. We estimated the NaFe2Se2 layer thickness of 2a as 4 μm from the SEM 
image. The hysteretic parts of magnetization curves, obtained from the above fitting process, are shown in Figs. 4 
and 5. These results may show the existence of high Tc phase even near 50 K. 
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                Fig. 4. Hysteretic parts of magnetization at 5, 10, 15 and 20 K.       . 
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           Fig. 5. Hysteretic parts of magnetization at 30 and 50 K 
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The temperature dependences of Jc’s at 0 T , 0.5T and 1 T are depicted in Fig.6, where Jc(5 K) is 7.8×106 A/cm2 
at 0 T 2.2×106 A/cm2  at 0.5 T and 1.2×106 A/cm2  at 1 T, respectively. The order of magnitudes of these Jc-values is 
higher than the earlier one [2]. The Jc(T) rapidly decreased at 15 K, being nearly constant up to 30 K, and kept finite 
values from 30 K to 50 K as the order of 104~106A/cm2 from 0 T to 1 T. We think now that the Tc of main 
superconducting phase is about 50 K and there might be another superconducting phase below 30 K.  
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Fig. 6. Temperature dependences of Jc at 0 T and 0.5 T. 
 
3.Conclusion 
The critical current density Jc of NaFe2Se2 was estimated from the analysis of magnetization curves by the 
extended critical state model. In the magnetization measurements by SQUID magnetometer, the irreversibly 
temperature Tirr, at which the FC and ZFC M-T curves showed the discrepancy, was about 50 K. The critical current 
density Jc rapidly decreased at 15 K, but kept small finite values up to 50 K. The above results show there are two 
different superconducting phases with the Tc’s of about 30 K and 50 K. 
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